Spontaneous pneumomediastinum (SPM) is a rare disorder most often affecting young males which is generally self-limiting. Despite the benign prognosis with few complications and little morbidity, it frequently confuses clinicians in primary settings, who may have difficulty differentiating SPM from other serious organ ruptures, especially oesophageal rupture (the so-called Boerhaave syndrome), which may lead to mediastinitis and may be fatal, even with appropriate interventions. An overview of adult SPM is provided, reviewing 17 studies (414 patients), including our clinical experience, and finally an algorithm for diagnosis and management of SPM is proposed, based on the characteristics of SPM.
Introduction
The first pneumomediastinum was described in chest trauma cases, and the first description of spontaneous pneumomediastinum (SPM) was provided by Hamman [Hamman, 1939; Lannec, 1827] . Despite its benign prognosis, SPM is often worked up with invasive examinations to differentiate it from oesophageal rupture in primary settings. Recently, many case series have been reported that have revealed the characteristics of SPM.
We summarize here the major literature on SPM published since 1990 (Table 1) and review SPM with reference to our experience [Takada et al. 2008] . Case series containing five or more adult patients and compatible with our definition of SPM were included. Furthermore, based on those cases, we propose an algorithm for the diagnosis and conservative management of SPM.
Definition
Pneumomediastinum is defined by confirmation of free air in the mediastinum on a chest X-ray or chest computed tomography test (CT), and 'spontaneous' pneumomediastinum is defined as that occurring without surgical or medical procedures, chest trauma or mechanical ventilation [Takada et al. 2008; Chalumeau et al. 2001] . Some authors exclude pneumomediastinum with apparent trigger events from spontaneous cases, but such exclusion has no clinical value [Chalumeau et al. 2001] and in fact the clinical course is not different (in our experience) whether the trigger events were detected or not. It is controversial whether to include cases with pre-existing pulmonary disease with structural changes such as lung cancer or interstitial pneumonia. Because underlying lung disease can affect the clinical course of SPM (see below for details), it may be feasible to classify SPM occurring with such diseases as 'secondary' SPM.
Epidemiology
The reported incidence of SPM ranges from 0.001% to 0.01% of all adult inpatients, although it differs largely due to the diagnostic method or differences in hospitals [Takada et al. 2008] . In asthmatic children visiting emergency departments, there is a 0.3% incidence [Stack and Caputo, 1996] . Considering the difficulty of diagnosis and the self-limiting characteristics of SPM, the prevalence may be underestimated.
Patient characteristics
Most cases are young males; the age is distributed roughly from 18 to 25 years old and males account for 73.1% (Table 1) . No relation is reported with either smoking or other environmental factors [Bullaro and Bartoletti, 2007; Abolnik et al. 1991] . Within the studies that investigated smoking history, approximately 30% of patients were smokers. SPM does not have physiological features except in special groups such those with anorexia nervosa [van Veelen et al. 2008] , in which the reported body mass index (BMI) is 20.2±4.0 [Takada et al. 2008 ], 19.9±1.4 [Jougon et al. 2003 ] and 21.1±2.0 kg/m 2 [Miura et al. 2003 ] (mean±standard deviation).
Pathophysiology
Pressure differences across the alveolar membrane resulting from rapid increments of airway pressure cause terminal alveolar rupture. Other factors, such as direct toxic effects of heat induced by inhalation of illegal drugs [Abolnik et al. 1991] and the thinner alveolar wall due to malnutrition [van Veelen et al. 2008 ] may participate in the rupture.
A mechanism for the next step has been proposed using an animal model [Macklin and Macklin, 1944] ; the terminal alveolar rupture occurs without pleural dissection, which causes air to enter the lung interstitium and then migrate toward the mediastinum, occasionally the pericardium and the retropharyngeal and the retroperitoneal space, along the bronchovascular bundle by the pressure gradient between the peripheral and the hilum of the lung, the so-called Macklin effect. It is investigated by radiographic [Kaneki et al. 1998 ] and pathological [Caldwell et al. 1970] studies. Continuously, the air can reach through into the cervical region because of the close proximity of the mediastinum and cervical band. If the intramediastinum pressure rises abruptly or the decompression by air dissecting into subcutaneous tissue is insufficient to relieve the tension, the mediastinal parietal pleura may tear, resulting in concomitant pneumothorax [Versteegh and Broeders, 1991] .
Symptoms
It is concordant with all descriptions that chest pain and dyspnoea are the commonest symptoms. The typical chest pain radiates in the back or neck and the patient deteriorates with swallowing, sitting forward or inspiration. Other frequently reported symptoms are coughing, rhinolalia and neck symptoms including pain, dysphonia, swelling or dysphagia. Despite mainly affecting the chest, symptoms in the neck or throat are common; within the reported studies, neck pain and dysphagia were presented in 34.5% and 17.7% of cases, respectively.
Because the leaked air is only a small amount in most cases, it is not rare that only the chief complaint provides a clue to the presence of SPM in primary settings. Therefore in patients suffering neck or chest symptoms, especially young males, SPM should be included as a differential diagnosis. However, no trigger events were detected in 40% cases (Table 1) ; the trigger events often associated were the Valsalva manoeuvre, bronchial asthma attack, many kinds of sports, Therapeutic Advances in Respiratory Disease 3 (6) vomiting, forced defaecation, coughing, pulmonary function tests, labour, inhalation of illegal drugs such as cocaine, ecstasy or amphetamines (that need forceful breath holding) [Newcomb et al. 2005 ] and diabetic ketoacidosis [Nessan, 1974] .
The onset is usually acute and the symptoms are thought to persist with moderate severity the reported mean duration from onset to consulting the hospital ranges from 18 to 24 hours [Takada et al. 2008; Macia et al. 2007; Miura et al. 2003 ]. However, no severe case, who could not hold their posture or take a swallow of a meal, was identified in our experience [Takada et al. 2008 ].
Physical features
The most remarkable finding is subcutaneous emphysema, detected in 62% of cases (Table 1) , and it usually distributed from shoulder to neck [Macia et al. 2007; Abolnik et al. 1991 ]. Some authors have described subcutaneous emphysema as a benign clinical sign because the air leaking into subcutaneous tissue prevents an increase in intramediastinal pressure, which compresses the major vessels [Nessan, 1974] .
Hamman's sign is well known as an auscultative sign of SPM, identified in about 30% of patients in recent studies, and consists of crackles or bubble sounds heard with each beat of the heart. Careful auscultation is needed, and it can be improved by placing the patients in the left lateral position [Miura et al. 2003; Maravelli et al. 2000] . Fever is also a common finding, but hypoxaemia is not generally detected, even in the patients with dyspnoea [Takada et al. 2008; Gerazouris et al. 2003; Panacek et al. 1992] . In our cases, fever above 37.2 C was seen in 28% and percutaneous oxygen saturation in room air was 96±2.2% (mean±SD) [Takada et al. 2008] .
Radiographic findings
Needless to mention, the most important examination to make a diagnosis of SPM is radiography. The features of the X-ray are generated by leaked air itself and an enhanced margin of mediastinal structures by the air. On the posterioranterior view of the chest X-ray, the commonest three findings are the following: air streaks in the superior mediastinum (sometimes they reach to the neck), the prominent silhouette of the heart (especially on the left) and subcutaneous emphysema of the shoulder and neck.
Infrequent but characteristic features include the double-bronchial-wall sign (the visualized tracheal or main bronchial wall putted between inner air and leaked air) and the continuous diaphragm sign (the diaphragm of both sides appearing connected by leaked air between the inferior surface of heart and diaphragm). Especially in paediatric cases, the thymic spinnaker sail sign is produced by airlifting the thymus off the mediastinal structures. The air between the parietal pleura and diaphragm is described as the extrapleural-air sign; recently, apical or retrosternal air has also included [Bejvan and Godwin, 1996] .
The air leakage can be often detected more on the lateral view of a chest X-ray than the frontal view [Nessan, 1974] . In fact, some have reported that between one-third and one-half of patients are not detected by frontal view alone [Kaneki et al. 2000; Versteegh and Broeders, 1991] . On lateral view, the pneumoprecardium sign (the air between sternum and anterior pericardium) or the ring-around-artery sign (the air surrounding the pulmonary artery) is often described [Zylak et al. 2000; Bejvan and Godwin, 1996] .
Because the air leakage is usually a small amount, it is not unusual that faint streaks of air along the trachea or inside the epicardium are the only findings on the chest X-ray, so careful examination is required. Moreover, false positive findings such as the oesophageal air or the Mach band effect [Zylak et al. 2000 ] may confuse clinicians.
On chest CT, the leaked air mainly distributes from the anterior mediastinum to the neck, and the amount of air is often more than is estimated on chest X-ray. The air may extend to the pericardium, retroperitoneum, peritoneum or spine. Because chest CT is essential to detect small air leakages (in one report one-third of patients were discovered only by chest CT [Caceres et al. 2008] ), chest CT should be performed to make a correct diagnosis in strongly suspicious cases of SPM, even if the chest X-ray is in the normal range [Iyer et al. 2009; Kaneki et al. 2000 ]. Furthermore, chest CT may reveal other findings such as pre-existing pulmonary disease.
Concomitant small pneumothorax occasionally occurs and was identified in 33 of 381 cases (8.6%), with four bilateral cases (1.0%). A very high prevalence (30%) of pneumothorax was reported, with a high rate of patients with pre-existing pulmonary disease (18%) [Iyer et al. 2009 ]. The structural changes of the lung induced by pre-existing disease may contribute the increasing development of pneumothorax.
In addition for differential diagnosis, the typical findings on chest CT of Boerhaave syndrome, which should be excluded first, include a small amount of mediastinal air surrounding the oesophagus, abscess cavities adjacent to the oesophagus, direct communication of the oesophagus with the mediastinum, and pleural effusion [Duehring, 2000] .
Other examinations
In blood tests, no specific abnormalities are reported, except for mild inflammatory signs. In our description, the only study to analyse complete cell counts and measurement of C-reactive protein (CRP) in the whole population, showed that either white blood cell count or CRP elevated in 80% cases; mean values were 10,100±4600/mm 3 and 1.0±1.5 mg/dl (mean±SD), respectively [Takada et al. 2008] . In cases of SPM without concomitant disorders, it is thought to be very rare to present with high inflammation, so the absence of high inflammatory signs may be of use to differentiate SPM from other serious organ rupture. An electrocardiogram is often performed as an examination for chest pain, and the detected findings on SPM include low voltage, axis shifts or ST segment elevation in precordial leads [Macia et al. 2007; Mondello et al. 2007; Versteegh and Broeders, 1991] .
Oesophagoscope, oesophagram or bronchofibrescope examinations may be performed to investigate the cause of air leakage, although few abnormalities are additionally detected in SPM cases, consistently in all studies. Thus, if the clinical presentation or course is compatible with SPM, no additional examinations, especially invasive procedures, are indicated [Takada et al. 2008; Freixinet et al. 2005] . Conversely, prompt examinations to investigate the oesophagus should be performed, if it deteriorates clinically or Boerhaave syndrome is suspected. The oesophagram with water-soluble material followed with barium is recommended, because an oesophagram using water-soluble material may result in overlooking of one-fourth of perforations and barium induces more histotoxic responses [Chalumeau et al. 2001; Duehring, 2000] . Additional oesophagoscope examination without inflation or oesophagram combined with chest CT may be more sensitive in detection of oesophageal rupture [Chalumeau et al. 2001] .
Differential diagnosis
Although the serious differential diagnoses of SPM includes primary pneumothorax, pericarditis, pulmonary embolism and acute coronary syndromes [Macia et al. 2007] , the most important disease that should be excluded is Boerhaave syndrome, because it may lead to mediastinitis and may occasionally be fatal despite prompt and appropriate treatment, with the reported mortality rate ranging from 30% to 50% [Duehring, 2000] . It typically occurs after severe vomiting or as the result of a foreign body, and may result in high fever, hypotension and pleural effusion. The classical Mackler's triad consists of severe chest pain, subcutaneous emphysema and preceding vomiting [Duehring, 2000] . In addition to clinical episodes and radiographic features or chest CT, the presence of mild symptoms and low inflammatory signs plays an important role in the detection of suspicious cases of SPM over other serious disease in primary settings.
Treatments
No special interventions are indicated for treatment of SPM itself; only rest and adjunctive treatments such as analgesics, are indicated. Despite reports that 100% oxygen supply promotes rapid absorption of emphysema, so-called 'nitrogen washout' [Caceres et al. 2008; Mihos et al. 2004; Tutor et al. 1995] , the efficacy of such intervention is not conclusive, unlike in pneumothorax therefore routine use is not recommended [Takada et al. 2008; Chalumeau et al. 2001] . The limitation of oral intake or prophylactic antibiotics is often suggested (although few studies reported the frequency in detail) in approximately 80% [Takada et al. 2008 ] and 60% [Al-Mufarrej et al. 2008 ]. But they are unnecessary for almost patients without severe symptoms or high inflammatory signs.
Serial radiographs have also not found to be beneficial [Chalumeau et al. 2001; Panacek et al. 1992] . It is enough to observe the patient closely with neither additional examinations nor limitation of oral intake as long as the condition is clinically ameliorating [Iyer et al. 2009; Al-Mufarrej et al. 2008; Takada et al. 2008] . However, if the symptoms do not improve, urgent examinations, especially to rule out Boerhaave syndrome, should be performed. During observation, removal of subcutaneous air using a subcutaneous drain may be needed for some patients with progressive subcutaneous emphysema; in such cases, prophylactic antibiotics are recommended [Mondello et al. 2007 ]. In cases with concomitant pneumothorax, placement of a chest drain may be also indicated.
Clinical course
A few studies describing the clinical time course have reported that the mean duration from onset to improvement of symptoms is 1.8 days [Takada et al. 2008 ] and 2.2 days [Panacek et al. 1992] , and that the complete resolution of emphysema on a chest X-ray needed approximately 1 week [Freixinet et al. 2005; Weissberg and Weissberg, 2004; Kaneki et al. 2000 ], generally dependent on the amount of leaked air. Three patients with prolonged SPM lasting 69 weeks have been described, but all of them had bronchiolitis obliterans syndrome as an underlying lung disease [Iyer et al. 2009 ]. Pre-existing pulmonary diseases may also affect the clinical course of SPM.
Complication rates are very low, consistent in all descriptions. Of 336 cases with evaluations of complications, only two cases of secondary pneumothorax [Mondello et al. 2007; Newcomb et al. 2005] [Shennib et al. 1988 ] and paediatric cases [Chalumeau et al. 2001 ]. However, no case with tension pneumomediastinum has been identified as a complication in adult SPM [Takada et al. 2008; Jougon et al. 2003 ]. In pneumomediastinum following mechanical ventilation or chest trauma, surgical interventions to decompress are occasionally indicated [Chalumeau et al. 2001; Shennib et al. 1988 ].
Although the reported length of hospital stay is distributed roughly from 3 to 7 days (Table 1) , a shortened hospitalization for observation about 2 days, until the symptoms disappear, is thought to be feasible in cases compatible with SPM [Iyer et al. 2009; Takada et al. 2008; Freixinet et al. 2005; Gerazouris et al. 2003 ]. Management as an outpatient with close observation may be possible [Koullias et al. 2004 ].
The recurrence of SPM is also rare. Five of 389 reported cases (1.2%) were identified in recent studies as recurring (in each, the time of onset was described; early [Macia et al. 2007] , after 26 months [Mihos et al. 2004 ], after 28 months [Abolnik et al. 1991] and not reported [Iyer et al. 2009; Gerazouris et al. 2003 ]) (Table 1) . Consequently, long-term follow-up is unnecessary, but clinicians must recognize the possibility of recurrence.
Algorithm for diagnosis and management
It is important that patients suffering neck or chest symptoms, especially young males, receive chest X-rays and, if suspicious, chest CT should be added. For patients with clinical SPM, considering the self-limiting nature, the shortened hospitalization of about 2 days without invasive examinations, limitation of oral intake or prophylactic antibiotics would be reasonable. By contrast, in patients with severe symptoms or high inflammatory signs, urgent examinations, initially an oesophagram with water-soluble material, should be performed.
Based on the characteristics of SPM, we have proposed an algorithm for the diagnosis and management of SPM (Figure 1) [Takada et al. 2008] . In our hospital, the mean length of hospital stay can be shortened to 3.2 days from 7.8 days after application of this algorithm, although it has been employed in only four cases to date.
Conclusion
SPM is a rare condition and usually ameliorates within a few days, with few complications and rare recurrence. Conservative observation along the proposal algorithm can reduce the burden to patients and confusion of clinicians. Further study will be required to test the validity of this algorithm and whether outpatient care is acceptable for patients with low risk; that is, those without severe symptoms and high inflammatory signs, such as highly elevated CRP or high fever.
